A convenient, efficient and fast acetylation combining clays and ultrasound irradiation is described. Some molecules from nature or synthetic source, i.e., D-glucose, glycerol, D-mannitol and 1,2,3-triazolic derivatives such as N-glucosyl sugars and 2-substituted 1,4-naphthoquinone structures were acetylated. This kind of chemistry may be classified as eco-friendly because the reactions take a short time and the catalyst is reusable.
INTRODUCTION
The development of chemical building blocks inspired by nature is commonly reported in scientific articles.
1 Many natural and synthetic products have had their structures modified by chemical procedures. carboxylic esters are considered very important functional groups in natural products and as intermediates for organic synthesis. The pharmacological properties of some molecules can be modified by a simple reaction of acetylation, a specific case being the acetylation of salicylic acid (SA) to furnish acetyl salicylic acid (ASA). In this context, one of the most used reactions is the acetylation of alcohols. Recent works described various acetylating systems, for example with Ph 3 P(OAc) 2 , 2 triethyl orthoacetate, 3 vinyl acetate-I 2 , 4 acetyl chloride or Ac 2 O-DMAP-py. 5 In addition, clays are frequently employed as heterogeneous systems to promote acetylation reaction. 6, 7 Specifically, the acylation of alcohols has been carried out using montmorillonite K10 impregnated with some metals, such as FeCl 3 , 6 InCl 3 , 8 and Cu
2+
, 9 among others.
10
Introduction of new laboratory techniques is noteworthy exciting for the undergraduate students involved in organic chemistry experiments. One fast-growing area is organic synthesis using an ultrasound irradiation bath.
11
Our research group has been using the ultrasonic technique for the synthesis of amidoximes, 12 carbohydrates 13 and 1,2,3-triazole derivatives via click chemistry.
14 However, there are only a few examples reported in the literature that combine clays and ultrasound energy 15 and only one example for acetylation using this technique. 16 In general, this kind of chemistry is considered ecofriendly because these procedures are known for their efficiency, short reaction time and easily removable and reusable catalyst.
After started our studies, 17 we decided to prepare a diversity of acetylated molecules of natural or synthetic origin using clays (montmorillonite K10 or KSF), acetic anhydride and ultrasonic energy.
EXPERIMENTAL General
All organic solvents were analytical grade (Vetec-Brazil). All reactions were monitored by TLC analysis containing GF-254 (Merck-Darmstadt, Germany). The clays (montmorillonite K10 and KSF) were purchased from Aldrich. Reactions were carried out in a USC-1400A Ultracleaner ultrasound cleaning bath with an operating frequency of 40 kHz. Column chromatography was performed on Merck silica gel 60, optical rotations were measured using an Anton-Paar MCP 200 polarimeter and values are given in deg.cm 2 , g -1
; Melting points were determined in a PFM II BioSan apparatus and are uncorrected.
1 H (400 MHz), 13 C NMR (100 MHz) spectra were obtained in Varian Unity Plus at 400 spectrometers in CDCl 3 . Elemental analyses were carried out in a CA EA1110 CHNS-O analyzer. GC-MS (60-240 ºC at 3 º C min rates) on a Varian 431-GC device coupled to a Varian 220-MS instrument using a fused-silica capillary column (30 m × 0.25 mm i.d. × 0.25 μm) coated with DB-5. MS spectra were obtained using EI mode at 70 eV, at scan intervals of 0.5 s and fragments from 40 to 550 Da. The compounds 1 and 2 were synthesized using literature procedure, and their analyses are comparable with reported data. 13 The compounds 5a, 5b and 2-amino-1,4-naphthoquinone are comparable with reported data.
18
Typical experimental procedure for synthesis of N-glycosides (3a-d) We employed the methodology adapted from literature. 13 We only used acetonitrile instead of the dichloromethane solvent. Solid 
' -( 2 , 3 , 4 , 6 -T e t r a -O -a c e t y l -β -D -g l u c o p y r a n o s y l ) -4 ' -( -hydroxycyclohexyl)-1H-1',2',3'-triazole (3d)
Solid Typical experimental procedure for synthesis of acetylated compounds An intimate mixture of hydroxyl compounds (1 mmol) and clay (200 % weight/substrate) were well mixed individually and placed in a 125 mL erlenmeyer followed by the addition of acetic anhydride (4 equiv/OH). The mixture was irradiated in an ultrasonic bath at the indicated temperature for a specific time. The completion of the reaction was verified by use of thin-layer chromatography (TLC). After this, 10 mL de ethyl acetate was added and the crude material was filtered and the resulting organic phase was washed with water and a NaHCO 3 saturated solution and dried with anhydrous sodium sulfate. Then, column chromatography with gradient ethyl acetate/n-hexane was used to generate the desired pure products. We have tested to scale-up the present method at 25 mmol scale to obtain comparable results for the compounds 1 and 10. -(2,3,4,6-Tetra-O-acetyl-β-D-glucopyranosyl)-4'-(3-O-acetyl-propyl)-1H-1',2',3'- 
1'
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RESULTS AND DISCUSSION
Protection and deprotection of hydroxyl groups in chemistry has been a tool commonly used in carbohydrate chemistry. To begin our studies we chose the carbohydrate D-glucose for acetylation (Scheme 1). First, we used mont. K10 and Ac 2 O in an ultrasound bath in the absence of a solvent. We differed the amount of mont. K10 from 20 to 200 % (w/w), acetic anhydride (1 to 4 equiv/OH), and reaction time (15 or 30 min). Then, was determined the best condition, i.e., mont. 200%, 4 equiv of Ac 2 O per hydroxyl group, and 15 min under ultrasound irradiation at room temperature.
After that, was exchanged mont. K10 to KSF and the yields of reactions were very close, 92% and 94%, respectively. The stereoselectivity at the anomeric carbon showed a ratio α:β of 3:1 with KSF, while for K10 the ratio was 3:2. We also obtained best results when montmorillonite K10 without activation was tested, which reacted with a complete conversion for acetylated products. However, when clay was used after the activation process, the reaction was not complete. Apparently, the presence of water inside the cagelike structure or channels in the clay enhanced the acoustic cavitations in this reaction. Another aspect this reaction is the difference between anhydride and monohydrated D-glucose, which has the best results for anhydride glucose, since it was necessary to add 20 equiv Ac 2 O more to complete the reaction when monohydrated D-glucose was used. In this case, probably molecular water hydrolyzes the anhydride and consequently causes loss of their reactivity. Nevertheless, in regard to stereoselectivity, significant difference was not found.
Scheme 1. Acetylation of D-glucose using US and clay conditions
In order to analyze the reusability of the K10 and KSF clays, the catalyst was recovered at the end of the reaction and its recycling use was evaluated immediately after the first reaction. The solid acid was removed by filtration and washed with ethyl acetate. The catalyst lost its activity after four reuses (< 70 %, see Fig. 1 ). Each time, the recovered catalyst was found to be reusable and showed a range of yields from 92% to 50% after seven catalytic cycles using K10. The results for KSF were close, as shown in Figure 1 .
To continue our studies, we selected mont. K10 clay as the standard catalyst for our acetylation procedure. We focused our attention on molecules such as N-glucosyl triazolic sugars, glycerol, D-mannitol and some 2-substituted 1,4-naftoquinone structures.
For the synthesis of N-glucosyl triazolic alcohols, we started from the per-O-acetilated glucose 1 via azide sugar 2, using the click triazole synthesis methodology based on ultrasonic energy developed in our laboratory. 13 Then, the triazolic sugars 3a-d were obtained in 10-40 min with yields between 60 and 98 % (Scheme 2, Table 1 ).
The acetylation step, using our optimized protocol (Ac 2 O/K10/US/rt), produced acetylated compounds 4a-d in moderate to good yields of 47-73 % (Scheme 2, Table 1 ). The N-glucopyranoside was compatible with these reaction conditions without hydrolysis. Only in one case the starting material was recovered (Entry 2, Table 1 ). In all cases, no elimination products were detected. To prepare derivates containing the 1,4-naphtoquinone moiety, we started from 2-[4-hydroxymethyl-1H-1,2,3-triazol-1-yl)-1,4-naphthoquinone 5a and 2-[4-(2-hydroxy1-2-methyl-ethyl-)-1H-1,2,3-triazol-1-yl]-1,4-naphthoquinone 5b, that were synthesized using a method recently described by us. 18 The acetylation reaction was performed at 50 o C during 40 min with some drops of dichloromethane added to facilitate solubility. The acetylated compound 6 was obtained in yields of 77 % after column chromatography (Scheme 3). At room temperature, the results were similar; however, the reaction time takes 60 min. From the compound 5b, after a reaction time of 40 min, the product 7 was obtained in 58 %, and the by-product 8 was isolated in yields of 37% as a vinyl derivative due to their dehydration. Normally, these alkenyl type compounds may be prepared from dehydration of tertiary alcohol linked to a 1,2,3-triazole function using POCl 3 /HCl. 19 Additionally, this mild condition was not efficient in promoting acetylation of 2-amino-1,4-naphthoquinone, which is expected for this kind of of extensive conjugated molecule, which requires harsher conditions (RCOCl/NaH).
